Introduction
Accommodation can be defined as an increase in the refractive or dioptric power of the crystalline lens of the eye that enables the image of near objects of regard to be focused on the retina.
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Open Access accommodative capabilities. 9, 10, 11, 12, 13 Beyond age 40, presbyopia will eventually occur. Presbyopia is an age-related cause of visual impairment caused by the decline in accommodation that reduces the ability of the eye to focus on near objects. This process usually becomes noticeable between ages 40 and 50 but with ageing use of corrective lenses becomes necessary. It is theorised that stiffening of the crystalline lens is the primary mechanism for presbyopia. 9 As individuals develop presbyopia, they present clinically with difficulty in near-vision tasks. 1, 2, 3, 4 These problems manifest earliest in individuals with hyperopia and with emmetropia at about 40 years of age, when the accommodative reserve becomes insufficient to focus on near objects. 1, 2, 3, 4 However, the loss of the amplitude of accommodation begins early in life and progress to around 55 years of age, when little or no accommodative ability remains. 1, 2, 3, 4 Clinically and experimentally, several subjective and objective methods for the measurement of amplitude of accommodation have been described, 1, 2, 3, 4, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 but subjective methods are more frequently used to measure the amplitude of accommodation. They include the push-up, the push-down (push-away) and, in pre-presbyopia, the minus lens methods. Positive lens methods are often used as presbyopia advances. The objective methods include modified dynamic retinoscopy methods and the use of an open-field autorefractor. 1, 2, 3, 4, 5, 6, 7, 8 The purpose of this study was to determine and compare the amplitude of accommodation using three subjective methods, namely push-up, push-down and the minus lens methods. It does seem that there are advantages and disadvantages for each method; hence, the study was designed to compare similarities and differences of the three procedures for determining monocular amplitude of accommodation in participants between 20 and 34 years of age.
Methods

Subjects
This was an analytic-descriptive study, and subjects were recruited randomly from a list of fourth-year optometry students. Thirty-four (20 females and 14 males) participants met the following inclusion criteria: visual acuity of 20/20 or better in each eye at both 6 m and 40 cm either with or without compensation, and no history of significant head or eye injuries, no ocular disease, not wearing contact lenses, no amblyopia and not currently taking any medications which might interfere with accommodation. The study included only right eyes from each of the 34 subjects. All subjects were made aware of the purpose of the study, and consent was obtained from each subject by means of a signed consent form. All investigations and measurements performed adhered to the tenets or principles, belief and requirements of the Declaration of Helsinki. All the measurements were performed by two researchers (T.M. and M.M.). Neither examiner knew the results of the other examiner.
Procedure
Refractive errors were determined initially using an autorefractor and later refined by subjective refraction using the phoropter. The monocular subjective refraction was followed by binocular balancing to a standard endpoint of maximum plus for best visual acuity. Three monocular methods were used to measure the amplitude of accommodation in the right eye of each subject. The tests were performed in the following order: (1) push-up, (2) push-down and (3) minus lens method. The push-up, push-down and the minus lens methods were performed by T.M.K. and M.M.L. For the push-up and push-down methods, the average distance from the subject was the near-point of accommodation. This value was converted to dioptres. Each examiner was unaware of the results obtained by the other examiner for each subject.
Each subject wore their distance correction determined from the result of subjective refraction, in which the most plus or least minus prescription for 20/20 visual acuity line was established. Each subject was asked to focus on a 20/20 row of letters of the near Snellen chart. Each test was performed monocularly on the right eye of each subject while the left eye was occluded. For the push-up and pushdown methods, the target was pushed towards or pulled away from the subject at a rate of approximately 5 cm/sec. All the measurements were carried out by the same researchers.
Method 1: Push-up method
Each subject was asked to focus on a 20/20 line at a distance of about 40 cm, and the target was slowly moved towards the subject's fixating right eye along the ruler which was held near the visual acuity (VA) chart. As the target was slowly moving, the position of the overhead lamp was continuously adjusted to maintain approximately constant target luminance levels. Each subject was instructed to keep the letters as clear as possible and to report when there was the first slight sustained blurring of the letters. Subjects were repeatedly asked if the target was still clear as it was moved along the near-point ruler and reminded to report as soon as it becomes a little bit blurry. The endpoint was thus the first sustained blur, when the target could not be cleared after 3 seconds of viewing. 1, 2, 3, 4 The inverse of the final distance in metres (dioptres) from the target to spectacle plane was recorded as the subject's amplitude of accommodation.
Method 2: Push-down or push-away
The push-down method could be regarded as a variation of the push-up method. The accommodative target (20/20 line) was moved closer to the subject until blur was produced, and then the target was slowly pulled away from the subject until the subject could just read the 20/20 line of a Snellen chart. Again, the distance from the target to the spectacle plane was measured and converted to dioptres. The speed of the target movement was the same as the push-up method.
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Method 3: Minus lens to blur
With the right eye only, each subject viewed an illuminated 20/20 line of letters on the near Snellen chart, positioned at 40 cm. With their distance correction in place, minus lens power was added in front of the right eye in 0.25 D steps until the letters become and remained blurred that could not be cleared by further conscious effort. The minus lens amplitude of accommodation was taken as 2.50 D (the dioptric equivalent of the working distance) plus the amount of minus lens power added (ignoring the sign). Some authors 8, 14 prefer to put the target at 33 cm rather than the established method of 40 cm as the minus lens method tends to make the target appear smaller and may make the patient more sensitive to identifying the first noticeable blur. However, placing the target closer to the subject may induce relative distance enlargement and may increase the possibility of overestimating amplitude of accommodation.
Statistical analysis
Data collected were analysed using SPSS version 23 software.
Normality of the distribution of all samples was tested with the Kolmogorov-Smirnov test. The relationship between variables was tested using regression analysis. The means were also compared using the analysis of variance (ANOVA).
A p-value of less than 0.05 was considered to have statistical significance.
Results
Amplitude of accommodation for the right eyes of 34 subjects was analysed. Of the 34 students who participated in the study, 20 (58.8%) were women and 14 (41.2%) men. The age range was 20-34 years with a mean age of 24.62 ± 3.70 years. The mean age for female students was 24.9 ± 3.7 years, and 24.2 ± 3.8 years for male students. The independent-sample t-test was performed but did not show a significant difference between the mean ages of male and female students (F = 0.108, p = 0.74). The descriptive statistics for the push-up, pushdown and minus lens methods are shown in 12.00
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the median (50th percentile) of each distribution. The edges of the box above and below the median are the quartiles (25th percent below and 75th percent above). The box represents the middle most 50% of the distribution. The box has 'whiskers', one below the 1st quartile and one above the 3rd quartile. The whiskers indicate the lowest and highest values in each distribution. The boxplots showed that the distributions of the measurements are roughly symmetrical (more so for the push-up method in Figure 1 ). The measurements for each procedure are similarly dispersed in the boxplots; however, the measurements by the minus lens method were slightly skewed ( Figure 1 ).
The relationships between variables were tested using the regression analysis (see Table 2 and Figures 3-6 ). Regression analysis is another way of analysing scatterplots. Table 2 shows the regression analysis performed on the amplitude of accommodation with the three methods. The correlation coefficient (r) measures the strength of the relationship between two methods but not the agreement between. All the plots showed positive correlation (Figures 3-6 ). The closer the r to 1, the greater the strength of the linear relationship is. Also, the regression line (y = a + bx) was used to predict the values of independent variables for a given dependent variable, where y is the predicted response for any x, a is the intercept of the line and b is the slope of the line (Figures 3-6 ).
Correlation quantifies the degree to which two variables are related. However, a high correlation does not automatically imply that there is a good agreement between the two methods. The correlation coefficient and regression analysis are sometimes inadequate and can be misleading when assessing agreement, because they evaluate only the linear association of two sets of measurements. The Bland-Altman plot enables a visual inspection of the association between the differences in measurements and the magnitude for each pair of measurements of amplitudes of accommodation (Table 3 and Figure 6 ). The Bland-Altman shows the difference in measurements on the vertical axis against the average of the two measurements. Three horizontal lines are displayed on the plot. One horizontal line is drawn at the mean difference. The limits of agreement (LoAs) are indicated by the two broken lines on the plot, which are defined as the mean difference plus and minus 1.96 times the standard deviations of the differences. LoAs provide a way of assessing the range of variability between the two measurements. Bland-Altman plot is presented only for the push-up and push-down measurement methods. The same could be done for all other combinations of measurement methods. 
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The linear regression line r = 0.80, p = 0.056. The measurements were highly correlated. The regression line is included. 
FIGURE 4:
Correlation of the amplitude of accommodation measured using the push-up method versus the amplitude of accommodation measured using the minus lens method to blur. 
Discussion
This study of 34 right eyes of young adults, aged 22-34 years, suggests that the push-up method had higher mean amplitude of accommodation as compared with the other two subjective methods. The minus lens method for the amplitude of accommodation showed the lowest average amplitude of accommodation of the three methods studied. Several studies 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 also found the push-up method to show the highest amplitude of accommodation. The higher amplitude of accommodation by the push-up method could be as a result of the effect of the depth of focus that come into play during the push-up measurement. 23 Also, Rosenfield and Gilmartin 24 mentioned that the pushup method gives a higher value of the amplitude of accommodation because as the target distance decreases there is an increase in the angular size of the retinal image and also there is an increase in the proximal stimulation to the accommodation. Grosvenor 3 reported that the depth of focus rather than the amplitude of accommodation is measured by the push-up method. Depth of focus is the extent to which the image may be positioned in front or behind the retina but still appear to be clear, 24, 25 whereas depth of field is the range of the object distances over which there is no detectable change in visual acuity or the visual acuity does not deteriorate. 24, 25, 26 Previous studies have shown that generally, the push-up method overestimates the actual amplitude of accommodation because of factors including depth of focus, target size, illumination, proximal cues and endpoint criteria. 16, 24, 25 In our study, there was no significant difference, however, between the push-up and push-down methods, even though the push-down method showed lower mean results for the amplitude of accommodation. Similarly, Anderson and Stuebing 14 found no statistically significant difference between the push-up and push-down methods in a sample of 12 subjects. However, Koslowe et al. 25 did find a statistically significant difference between these two methods. The lower results of the push-down method could be as a result of the psychophysical factors working in opposite directions for the two methods.
14,25 It seems to be easier for people to recognise the point of identification (just readable) rather than the point of first sustained blur. The endpoint of first sustained blur can be a difficult concept for some patients to apply or the examiner may lead the patient to misinterpret the blur point by encouraging him or her to keep the target clear as long as possible. This could cause a delay in response that the target is blurred.
When determining the amplitude of accommodation using the minus lens method, there is also some minification of the retinal image because of the optical properties of the negative lenses. 1, 4 In the minus lens method, the relative distance magnification is absent and the proximal accommodation is constant. This method of minus lens should only be used under monocular conditions because it may result in an excess of accommodative convergence if performed binocularly and is likely to disrupt binocularity. The minus lens method gives lower results because it is performed in an unnatural environment where accommodation is being stimulated while the proximal cue is being reduced or denied. Rosenfield et al. 27 mentioned that the push-up method overestimates the amplitude of accommodation measured with the minus lens method, while Rutstein et al. 28 reported that the push-up method overestimates minus lens amplitude of accommodation. Results of this study showed that the minus lens measurements of the amplitude of accommodation underestimated the amplitude of accommodation.
The difference between the push-up, push-down and minus lens methods could be as a result of proximally induced accommodative response as the target approaches the patient when performing the push-up method. Another explanation could be the target size. As the target approaches, the angle that it subtends increases, and this, in turn, delays the patient's ability to appreciate the endpoint (blur). With regard to the minus lens method, the minification of the target occurred as higher power lenses were introduced, leading to an underestimation of the true amplitude of accommodation. The underestimation of the amplitude of accommodation by the minus lens method was also seen even when the target is placed at 33 cm. However, comparing means alone might yield erroneous results as both outliers and sample size might affect the outcome. The coefficient of correlation measures the strength between two variables. It is possible that data obtained by two examiners using the same test conditions and procedures are not related. We used the Bland-Altman plot to determine the agreement between two methods and how close the data are to perfect agreement. The Bland-Altman plots showed that there is a good agreement between the push-up and push-down methods and between the push-down and minus lens methods, but the agreement was poor between the pushup and minus lens methods.
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Limitations of the study
The study was limited only to normal young healthy subjects with good cooperation. All subjects were optometry students who were familiar with the procedures used. Symptomatic subjects were not included in the study. A much larger study is needed to verify our results.
Practitioner biases are another possible weakness of the study. Normally, the practitioner examining the patient expects or anticipates where the measurement endpoint should be and this may influence the result. The ideal situation to eliminate examiner bias is to use fully automated instruments, such as a retinoscope or wavefront aberrometer. Reaction time could be another limitation of the study. Reaction time may influence the push-up method detecting blur differently to the push-down method detecting clarity and may also influence the minus lens method if lenses are changed slow or fast.
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Conclusion
Subjectively measured amplitudes of accommodation may vary, even though they are routinely used clinically, they are not necessarily accurate measures of the amplitude of accommodation. The push-up method requires subjectively determined blur points, which may vary considerably both within and across subjects. It is possible that it is easier to recognise the point of identification in push-down than the point of first sustained blur in push-up. The push-up method is perhaps a less inappropriate method to measure the actual amplitude of accommodation because it overestimates the actual amplitude of accommodation. If the push-away method is to be used continually, it necessitates a larger study to determine such normative data.
